air on its way to the outside picks up the heat and removes it to the environment. With this system it is conceivable that, provided the airflow is fast enough, no heat would penetrate the fabric at all. In other words an assembly could possibly have an infinite thermal resistance or any lesser value which would be determined by the airflow through it.
What happens in practice when air is blown through the assembly is illustrated in Fig 2. The faster the air flows through the fabric the smaller the quantity of heat getting through. The results illustrated were obtained from polyurethane foamed plastic sheets bounded on either side by cotton fabric (Crockford 1962) . Using different thicknesses of material the family of curves shown is produced. The curves demonstrate that there is a very definite relationship between airflow, fabric thickness and conductance and when this is analysed an equation relating the three is obtained. The following equation was derived from data obtained during an earlier study of dynamic insulation (Crockford 1962) on foam plastic thicknesses of 3, 5, 6, 7, 9 and 12 mm: log y= -(log t+02785) -(00453+0±0719t) x 1-0755 where yis the conductance in kcal m-2 min-°C 1, t the thickness of the plastic layer in mm and x is the airflow in m3 m-2 min-1.
This equation applies to environmental conditions which raise the assembly surface temperature to 100°C, and it can probably be applied without too much error to suit surface temperatures 1O-20'C above this. However, for a given thickness and airflow there will be a decline in thermal resistance as the surface temperature rises and an increase as it falls. This effect has been described previously (Crockford 1964) . Using this equation it is possible to manipulate the three variables mathematically when considering the design of a dynamically insulated assembly.
Other workers (Spells & Blunt 1962 , Spells 1966 , Shirley Institute 1965 have made both experimental and theoretical studies of dynamic insulation deriving equations for handling the three variables. However, to date both groups have restricted their experimental treatment to protection against heat loss and there are a numnber of reasons why data obtained under such conditions may not be applicable to protection against other than low heat loads. The diathermancy of the fabric, secondary radiation and changes in the conductivity of the air with temperature could all possibly influence the dynamic insulating effect when there are steep thermal gradients across the insulating assembly, as are found in hot entry suits. In military aircraft, particularly in the tropics, it is often difficult to avoid cabin temperatures that are too high for aircrew efficiency and reasonable comfort. These temperatures arise from the greenhouse effect and from kinetic heating under high-speed low-level flight in warm air and supersonic flight at high altitude. In addition aircrew often have to wear clothing unsuitable for the environment but required subsequently for special protection in flight or emergencies.
Water Cooling
Water cooling was proposed by Burton of the RAE (D R Burton & L Collier, 1964, RAE Tech.
Note No. ME400, unpublished) for conditioning of pressure suits, as we were having difficulties with air arising from the large volume flows required. These caused significant temperature and pressure gradients and 'ballooning' of the suit. Water, by reason of its high density and specific heat, reduced the temperature gradient, and using a closed circuit removed pressure gradient and ballooning problems.
Suit Construction
The suit consists of a stretch fabric envelope extending to neck, wrists and ankles and carrying on its inner surface 120 m (400 ft) of 2 5 x 1-5 mm PVC tubes secured by thin hinged fabric tunnels. The tubes are of equal lengths paralleled between main tubes of 13 x 8 mm to keep pressure drop low and give uniform flow distribution. The suit weighs 1-3 kg empty and 18 kg full (3 3 and 4-0 lb) and has a pressure drop of 7-6 kN/m' (1 1 lb/in2) at a flow of45 kg/hr (100 lb).
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Cold Source
The cold source in an aircraft would be a small Frean unit. Self-contained cooling with a consumable coolant is practicable and portable units using water-ice and a battery-driven pump have been made weighing 3-6 kg (8 lb) empty, 8-0 kg (18 lb) charged, and giving an extraction rate of 250 kcal/h for one hour.
Use ofSuit
The suit is worn next to the skin and used with a fixed flow of 45 kg/h. The water temperature is selected subjectively by the user by controlling the fraction of the flow that passes through the heat exchanger.
Flight Trials
Twenty-three 45-minute flights have been made in a small high performance aircraft at cabin temperatures of 36-52°C globe. Five pilots were involved. Thirty-nine flights totalling 224 manhours and involving eight crew have been made in a large aircraft at cabin temperatures of 30-450C globe. Most subjects found the suit acceptable at globe temperatures up to 50°C for periods of 21-5 hours.
Test Results
Early runs gave a wide scatter in cooling selected, with some evidence of underand over-cooling; the latter apparently caused severe vasoconstriction, producing the unstable condition of falling skin temperature and rising oral temperature. This has been overcome by limiting the minimum water temperature to 15iC and increasing the tube length in the suit. These actions have also markedly reduced scatter. The general conclusions from all test work to date is that sweat rate and pulse rate can readily be controlled and oral temperature can generally be held at a reasonable figure.
Tests Simulating High-speedLow-level Flight in the Tropics A large number of chamber tests covering as many of the variables as possible have been made at RAE and by the RAF Institute of Aviation Medicine. The latest tests at RAE have been as follows: Six subjects made two runs each. Each run consisted of: 60 min 'waiting in crew room' at 26°C 27 % r.h.; 5 min 'walking out' (using step test); 15 min 'pre-flight checks'; 150 min 'flight' 'cabin' conditions 55°C globe, 50°C dry bulb, 27 % r.h. Subjects were sitting throughout except for the 'walk'. Flow used was 40 kg/h (88 lb), initial water temperature 20°C; temperatures selected ranged from 15-5 to 24 5°C. Maximum heat pickup rate was about 300 kcal/h. Pulse rates averaged 85 on entry to chamber, 106 at end of 'walk' returning to 85 and then falling steadily to 70.
Oral temperatures averaged 36 6°C on entry, 37 3°C after the 'walk', 37 4°C about 30 minutes afterwards, followed by a slow fall off. There were one or two recorded at or slightly above 38°C. Weight losses ranged from 55 to 138 g/h/man.
Advantages
Water-cooling has a general advantage that it is often practicable when air cooling is not. It has a high efficiency from operation as a closed circuit, involves low pumping power, has small pipe sizes for insulation, and causes no 'ballooning' of garments. It causes no dehydration and operates with small temperature gradients across the man.
It is particularly advantageous (a) where selfcontained cooling for a limited time is required, and was adopted by NASA for the moon suits for this reason; (b) for use in contaminated atmospheres where ambient air must be kept outside protective clothing and processed air is not available; and (c) where silence is required, as in head cooling in a helmet.
Disadvantage
It has one fundamental disadvantage, that it cannot remove moisture, and when used under an impervious outer garment the clothing may become moist from sweat and/or some condensation on the cool pipes.
DrJWHill (Pilkington Bros Ltd, St Helens, Lancashire)
Water-cooled Suit for Protection Against Hot Environments Industrial application of the water-cooled suit demands a cooling unit which is portable, easy to operate, and robust. The cooling capacity required varies with the balance between the environmental temperature and the efficiency of the outer protective garments on the one hand, and the required duration of exposure and energy expenditure on the other. As these systems are expensive initially, although cheap to run, their best industrial deployment will be in extreme conditions either to avoid physiological stress or to save production down-time.
In radiant temperatures of 200°C black bulb, and where the possibility of inadvertent exposure to flame still forces the use of aluminized asbestos outer garments, we have found the cooling device described below effective, permitting work to be continued for 1-2 hours in cycles of 20 minutes' work and 5 minutes' rest. This demand predicates dry ice as a coolant.
